The transient behavior of a small-scale cryogenic transfer line was investigated during chilldown to 
INTRODUCTION
The chilldown of cryogenic transfer lines has long been of interest to cryogenic engineers as evidenced by numerous publications on various aspects of the subject [1] [2] [3] [4] [5] [6] [7] [8] [9] . A method to quickly estimate the minimum and maximum amounts of liquid required to chilldown a cryogenic pipeline is given by Jacobs [5] and Flynn [10] . These models equate the loss of internal energy of the transfer line wall to the cooling capacity of the cryogenic liquid. More recently, experiments were conducted by the authors to obtain cryogenic twophase heat transfer data [11] [12] . In the course of these experiments, the Further details concerning the apparatus construction are available elsewhere [11] . Figure 2 , the initial flow pattern was single-phase vapor flow that transitioned to isolated hquid drops when 18.5 minutes had elapsed. The wall temperature was above the Leidenfrost point at this time and the Flynn [14] of liquid took place at much higher speed. Gas velocities for N2 are higher due to the liquid-to-vapor density ratio of N2 being more than three times that of H2. The liquid was either suspended as mist in the high-speed gas core flow or it was streaming along the wall as a film. The droplet clouds or wall films contained increasing amounts of liquid as the process continued. There was then a rather abrupt transition to slug flow followed by plug flow and completion of chilldown. At the highest flowrate, transition to single-phase hquid flow occurred prior to chilldown completion and a substantial amount of liquid was discharged.
TEST CONDITIONS AND PROCEDURES
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COMPARISON TO LIQUID CONSUMPTION ESTIMATES
Since the experimental results indicate that heat leak becomes an important factor at low flowrates, Flynn's minimum and maximum consumption models [10] were modified by including an additional term for the extra quantity of liquid required to offset the environmental heat input. This term was equal to the product of the chilldown time, average total heat leak rate and the inverse of the heat of vaporization per unit volume. The average heat leak rate was estimated to be two-thirds of the maximum heat leak rate (4 W). The heat leak was initially zero and increased to the maximum at the end of chilldown; however the average value is not one-half of the maximum since the wall specific heat is temperature dependent. The average heat leak was obtained by numerically integrating the specific heat curve of the dominant wall material ( 
